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1. Introduction

To support HST-SFN deployment scenario with multi-TRP transmission in both FR1 and FR2, three enhanced schemes were discussed in RAN1#104 e-meeting, with the following agreements:
Agreement
Scheme 1 is supported in Rel-17

· TRS is transmitted in TRP-specific / non-SFN manner

· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner

· FFS other details

Agreement

For scheme 1 and SFN transmission of PDSCH support Variant E for QCL assumption in TCI state when TRS is used as source RS

 

Agreement
Two TCI states are supported for scheme 1 in FR2

Agreement
· Support MAC CE activation of two TCI states for PDCCH

· FFS other details

Agreement
For HST-SFN scenario:

· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4

· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

In this contribution, we discuss the further enhancement for HST-SFN transmission.
2. Discussion
2.1. Switching between different schemes
Scheme 1 with distributed TRS and SFNed DMRS was agreed in RAN1#104 e-meeting. The switching between agreed scheme 1 and other transmission schemes, e.g. single TRP transmission, Rel-16 URLLC schemes was also discussed. For scheme 1, it is possible that two Wiener filters based on distributed TRS are applied for DMRS channel estimation, which is significantly different from the channel estimator applied for Rel-15/16. It should be very careful when considering dynamic switching between scheme 1 and other schemes. 
· Dynamic switching between scheme 1 and single TRP transmission is beneficial for scheduling flexibility. However, dynamic switching is also challenging for some UE adopting different channel estimators for scheme 1 and single TRP transmission. Considering potential UE complexity, as a tradeoff between flexibility and complexity, this feature can be reported by a UE via capability. If a UE doesn’t support this feature, higher layer signaling based switching should be applied. 
· For switching between scheme 1 and scheme 1a, the application scenarios are unclear. If scheme 1a is used for NC-JT between TRPs, which is useless in HST scenario considering CSI feedback and LOS, dynamic switching is not needed. If scheme 1a is used for URLLC, which is similar to other URLLC schemes, semi-static switching between is sufficient. Hence, it is propose to only support RRC based switching between scheme 1a and scheme 1 for HST.
Proposal 1: iHihIf dynamic switching between scheme 1 and single TRP transmission is supported, it should be an optional UE capability.
Proposal 2:  Support semi-static (RRC based) switching between scheme 1a and scheme 1 for HST.

2.2. TRP-based frequency offset pre-compensation 
Another solution to outcome Doppler issue is pre-compensation at each TRP for SFNed PDSCH/DMRS, which can be supported by current agreements. Based on gNB pre-compensation, the impact of Doppler shift can be minimized, and the performance of DMRS channel estimation can be further improved. Based on the agreed procedure for discussion, we discuss some of the issues in this section.
· Explicit/implicit indication of the Doppler shift(s) from UEs
In the first step, TRS is transmitted from each TRP without pre-compensation. Based on the received TRS, UE can estimate Doppler shift and indicate it to gNB via implicit or explicit manner. 
With Option 1, the UE would transmit uplink signal on the carrier frequency acquired from TRS with Doppler shift in 1st step. Assuming the TRS is transmitted in frequency fc, and the Doppler shift corresponding to the transmit TRP is Δf1, then the carrier frequency of uplink signal is (fc +Δf1). Based on the uplink signal received at each TRP in 2nd step, gNB can estimate the Doppler difference between the two TRPs, and compensate the frequency difference in downlink data to ensure the same receiving frequency at UE for PDSCHs from different TRPs. In 1st step, gNB may need to indicate UE which TRS is used to derive the carrier frequency of uplink signal in 2nd step via a QCL-like association between TRS and uplink signal. Optionally, it can be directly defined in specification that specific TRS used to derive QCL type A/D is used to acquire the carrier frequency. Typically, the uplink signal can be SRS for DL CSI acquisition or for uplink transmission, which can be up to gNB implementation. 
With Option 2, the Doppler shift(s) acquired in the 1st step is explicitly reported to gNB via CSI. The drawback is additional UCI overhead for the report and potentially new CSI type. Furthermore, UE needs to measure Doppler from each TRP via different TRS and report the Doppler shift individually. Compared to Option 1 which can reuse SRS for other usages, Option 2 needs higher uplink signal overhead and more standardization effort, so Option 1 is preferred. 
· Channels/Reference signal for pre-compensation
Naturally the gNB pre-compensation can be applied to PDSCH and corresponding DMRS/PTRS (if configured for FR2). It needs further discussion whether it can be applied to PDCCH. The first two steps can be used for any channel including PDSCH and PDCCH. In the 3rd step, for the channel estimation based on PDCCH DMRS, two TRS from different TRPs may be configured for inter-symbol Doppler estimation. However, since scheme 1 has been agreed to be applied to both PDSCH and PDCCH, no additional specification impact is needed to support gNB pre-compensation for PDCCH. 
· Configuration and pre-compensation of TRS
The pre-compensation at gNB is performed at per UE basis since the Doppler shift is different for different UEs. If TRS is also pre-compensated at gNB, gNB needs to configure UE-specific or UE group specific TRS for PDSCH. That will increase the TRS overhead significantly since TRS is usually cell specifically configured. On the other hand, pre-compensation on PDSCH is more important than TRS. Pre-compensation on TRS can’t help much to improve the channel estimation of PDSCH. If gNB only compensates intra-symbol Doppler shift, the TRS without pre-compensation can still be used for estimation of inter-symbol Doppler shift for channel estimation. The necessity of additional sets of TRS and UE-specific pre-compensation on TRS is unclear.
· Supported QCL type for pre-compensation
In RAN1#103e meeting, four variants (A/B/C/E) were discussed and may be applied to TRP based pre-compensation. We evaluate the performance of different variants in section 2.3. For Variant A and B, which can provide some additional gain over other schemes, the difference is whether one TRS is transmitted from TRP0 or from both TRPs (SFN). However, Variant B may suffer from additional power consumption for SFN and possible loss due to synchronization error between TRPs. It is preferred to support only Variant A for TRP-specific pre-compensation. For Variant A, it is FFS how to support a TCI state associated with {average delay, delay spread}. Compared with introducing a new QCL type for {average delay, delay spread}, the specification impact can be significantly reduced via ignoring {Doppler shift, Doppler spread} in QCL type A when UE is configured with this scheme. 
Proposal 3: Support TRP-based frequency offset pre-compensation with the following:
· Support Option 1 for indication of the Doppler shift(s) from UEs. SRS can be used as the uplink signal in 2nd step up to implementation.
· Pre-compensation on PDSCH/PDCCH and corresponding DMRS/PTRS is supported. 
· TRP-specific TRS without compensation is sufficient to support TRP specific pre-compensation on PDSCH. Pre-compensation on TRS and additionally configured set of TRS will suffer from unacceptable TRS overhead.
· Support Variant A without new QCL type (UE ignores some QCL parameters in a QCL type).
2.3. Evaluation results
In this section, we provide the performance evaluation for different variants considered in RAN1#103e/104e meeting. The UE is assumed to be located in different positions between two TRPs, and 350m is the medium position. For TRP-specific compensation, a frequency error (Doppler estimation error) is assumed in the TRP performing pre-compensation, which is randomly distributed with range of {-350kHz, 350kHz}. In this section, the following 5 schemes are evaluated:
· Distributed TRS (Scheme 1 with Variant E): TRS is configured per TRP, while DM-RS and PDSCH are transmitted via SFN without pre-compensation. The Doppler shifts of different TRPs are independently estimated as the input of the filter of channel estimation.
· Distributed TRS/DMRS (Scheme 2): TRS and DMRS are configured per TRP, while PDSCH are transmitted via SFN without pre-compensation.
· Distributed TRS with gNB pre-compensation (Variant A): One of the TCI state is associated with {average delay, delay spread}, which another TCI states is associated with QCL-TypeA. TRS is configured per TRP, DM-RS and PDSCH are transmitted without pre-compensation at TRP0 and with pre-compensation at TRP1 to ensure same Doppler at UE. gNB indicates UE that TRS0 is used to derive the Doppler shift and carrier frequency, and UE transmits SRS in the carrier frequency derived from TRS0.
· Distributed TRS with gNB pre-compensation (Variant B): The average delay and delay spread are derived from one TRS (SFN from both TRPs), while the Doppler shift and Doppler are derived from another TRS (transmitted from TRP0 with PDSCH without pre-compensation). DM-RS and PDSCH are transmitted without pre-compensation at TRP0 and with pre-compensation at TRP1 to ensure same Doppler at UE.
· Distributed TRS with gNB pre-compensation (Variant C): Different from Variant A, only delay spread is derived from TRP1, and UE assumes that the average delay of the two TRPs is similar, which is derived from TRP0 only. 
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Fig.1 Performance comparison of different schemes with SNR=20dB
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Fig.2 Performance of pre-compensation with SNR={16,8}dB
The results can be found in Figure 1 and 2. From the results, we have the following observations:

· The performance of Variant A and B is similar, which is slightly better than other schemes with higher SNR. The {average delay, delay spread} for different TRPs derived from TRP-specific TRS is combined at the UE, which results in the same delay as that derived from SFNed TRS. 

· The performance of Variant C is worse than Variant A and B, since only delay from one TRP can be used for channel estimation. 

· The pre-compensation at gNB (Variant A-C) can provide additional gain compared to Variant E without pre-compensation.

· Scheme 2 leads to significant performance loss compared to scheme 1 and gNB pre-compensation, due to doubled DMRS overhead in case of 3 DMRS OFDM symbols.
· At low SNR, the gain of pre-compensation is negligible. 
2.4. Issues on CORESET with two TCI states.
For a PDSCH which is not configured with M-TRP transmission, the default TCI state of the PDSCH when the scheduling offset is smaller than timeDurationForQCL will follows the TCI state of the CORESET with lowest ID in the last slot. If the CORESET with lowest ID in the last slot is activated with two TCI states, the default TCI state for the PDSCH should be discussed. We consider the follow scenarios supported by 38.214:
· If enableDefaultTCIStatePerCoresetPoolIndex is configured, the CORESETs for different TRPs are expected to be grouped via different CORESETPoolindex. There is no use case for a CORESET configured with CORESETPoolindex to be further activated with two TCI states. No enhancement is expected for this case. 

· If enableTwoDefaultTCI is configured, the default TCI state will be the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. The default TCI state is not associated with any CORESET.
· If the above two parameters are not configured, the TCI state of the CORESET with lowest ID in the last slot will be applied. This is a typical single TRP scenario and M-TRP operation doesn’t needed to be considered. In this case, single default TCI state should be applied at UE. Considering backward compatibility, it is preferred that the default TCI state follows the CORESET with lowest CORESET ID among the CORESETs configured with single TCI state in the latest slot.
For AP CSI-RS, the default TCI state can also come from CORESET with lowest ID if there is no DL signal in the same symbol. In this case, the default TCI state can follow the conclusion of PDSCH, e.g. follows the CORESET with lowest CORESET ID among the CORESETs configured with single TCI state in the latest slot. It is not expected to support receiving of AP CSI-RS with two TCI states, otherwise how to measure the corresponding CSI should be an issue. 
Proposal 4: A CORESET configured with CORESETPoolindex is not expected to be activated with two TCI states.
Proposal 5: For default TCI state of PDSCH,
· If enableDefaultTCIStatePerCoresetPoolIndex is configured, no enhancement is needed.

· If neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, the default TCI state follows the CORESET with lowest CORESET ID among the CORESETs configured with single TCI state in the latest slot.
Proposal 6: Don’t introduce receiving of AP CSI-RS with two TCI states.
3. Conclusion

In this contribution, we discuss the schemes based on M-TRP to support HST-SFN transmission. We provide some analysis and performance evaluation to compare different designs. To summary, we have the following proposals:
Proposal 1: iHihIf dynamic switching between scheme 1 and single TRP transmission is supported, it should be an optional UE capability.
Proposal 2:  Support semi-static (RRC based) switching between scheme 1a and scheme 1 for HST.

Proposal 3: Support TRP-based frequency offset pre-compensation with the following:

· Support Option 1 for indication of the Doppler shift(s) from UEs. SRS can be used as the uplink signal in 2nd step up to implementation.
· Pre-compensation on PDSCH/PDCCH and corresponding DMRS/PTRS is supported. 
· TRP-specific TRS without compensation is sufficient to support TRP specific pre-compensation on PDSCH. Pre-compensation on TRS and additionally configured set of TRS will suffer from unacceptable TRS overhead.
· Support Variant A without new QCL type (UE ignores some QCL parameters in a QCL type).
Proposal 4: A CORESET configured with CORESETPoolindex is not expected to be activated with two TCI states.
Proposal 5: For default TCI state of PDSCH,

· If enableDefaultTCIStatePerCoresetPoolIndex is configured, no enhancement is needed.

· If neither of enableDefaultTCIStatePerCoresetPoolIndex and enableTwoDefaultTCI-States is configured, the default TCI state follows the CORESET with lowest CORESET ID among the CORESETs configured with single TCI state in the latest slot.
Proposal 6: Don’t introduce receiving of AP CSI-RS with two TCI states.
4. Appendix
Table 1: Simulation assumption
	Parameter
	Assumption

	TRP layout
	Ds=700m, Dmin=150m

	gNB antenna configuration
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],

one-to-one mapping between antenna elements and TXRUs

omni-directional antenna

	UE antenna configuration
	2 ports: [Mg, Ng, M, N, P]=[ 1, 1, 1, 1, 2] 
one-to-one mapping between antenna elements and TXRUs

omni-directional antenna

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1+1+1

	MCS
	Link adaptation

	Number of scheduled RBs
	10

	Propagation condition
	CDL extension (CDL-D, DS = 100ns)

	Rank
	Rank 1

	BW
	10 MHz

	Carrier frequency
	3.5GHz

	maximum Doppler shift
	500kmph

	SCS
	30kHz


